The high energy programme of the HERA collider ended in March 2007. During the whole HERA programme, a combined total integrated luminosity of 1 fb −1 was collected by the H1 and ZEUS experiments. In this context, an overview of the most recent results of both experiments concerning searches for new physics is presented. The topics covered are searches for contact interactions, leptoquarks and excited leptons, as well as studies of the isolated lepton and multi-lepton topologies, and a general signature based search.
Introduction
At HERA electrons (or positrons) collide with protons at √ s ≃ 320 GeV. After two running periods, the high energy data taking ended in March 2007. Over the whole HERA running the H1 and ZEUS experiments have each recorded ∼ 0.5 fb −1 of data, shared between e + p and e − p collision modes. These high energy electron-proton interactions provide a testing ground for the Standard Model (SM) complementary to e + e − and pp scattering, giving access to rare processes with cross sections below 1 pb. They are therefore used to pursue a rich variety of searches for new phenomena.
Search for new phenomena in inclusive DIS
Neutral Current Deep Inelastic Scattering (NC DIS) is measured at HERA for values of the photon virtuality Q 2 up to about 40000 GeV 2 . At the highest Q 2 , a good agreement between the data and the SM expectation, derived from the DGLAP evolution of parton density functions determined at lower Q 2 , is observed. Stringent constraints on new physics can thus be set. For example, a finite quark radius would reduce the high Q 2 DIS cross section with respect to the SM predictions. Using 1994-2005 data with an integrated luminosity of 274 pb −1 , the ZEUS * On behalf of the H1 and ZEUS Collaborations.
Collaboration ruled out quark radii larger than 0.67 × 10 −18 m, assuming that the electron is point-like [1] . New interactions between electrons and quarks with caracteristic mass scale in the TeV range may also modify the cross section at high Q 2 via virtual effects. Many such interactions can be modelled as a four-fermion contact interaction. Currently, the ZEUS data constrain the effective scale Λ of eeqq contact interactions to be larger than 2 to 7.5 TeV, depending on the model, as presented in Figure 1 . Figure 2 . Exclusion limits at 95% C.L. on the coupling λ as a function of the leptoquark mass for S 0,L in the BRW model. The indirect limit from L3 [4] and the direct D0 limits [5] are also shown. For comparison, the published H1 limit on S 0,L using HERA I data [6] is also displayed.
A new analysis has been performed by the H1 experiment using 92 pb [4] or at the Tevatron by the D0 experiment [5] .
Excited fermions
The observed replication of three fermion families motivates the possibility of a new scale of matter yet unobserved. An unambiguous signature for a new scale of matter would be the direct observation of excited states of fermions (f * ), via their decay into a gauge boson and a fermion. Effective models describing the interaction of excited fermions with standard matter have been proposed [7, 8, 9] . In the models [7, 8] the interaction of an f * with a gauge boson is described by a magnetic coupling proportional to 1/Λ where Λ is a new scale. Proportionality constants f , f ′ and f s result in different couplings to U (1), SU (2) and SU (3) gauge bosons.
The H1 experiment has carried out searches for both excited neutrinos and electrons using all data recorded at √ s = 320 GeV. The total luminosity analysed amount to up to 435 pb 
Events with high P T isolated leptons
The production of a W boson in ep collisions at HERA has a cross-section of about 1 pb. The leptonic decay of the W leads to events with an isolated high transverse momentum lepton (electron, muon or tau) and missing total transverse 1 / 3.2 ± 0.4 3 / 3.1 ± 0.5 4 / 6.3 ± 0.5 Table 1 Comparison of the number of isolated lepton (electron or muon) events observed for P X T > 25 GeV by H1 and ZEUS experiments with SM predictions. events is observed by the H1 experiment [11] in the electron an muon channels. In the analysis of all HERA I and HERA II data sets, which amounts to a total luminosity of 478 pb −1 , 24 events are observed at P X T > 25 GeV for a SM expectation of 15.8 ± 2.5. Amongst them only 3 events are observed in e − p collisions, in agreement with the SM expectation, while 21 events are observed in the e + p data for an expectation of 8.9 ± 1.5 (see Table 1 ). This difference in observations between the e + p and e − p data sets is exemplified in Figure 4 where the P X T distributions of both data sets are displayed.
The ZEUS experiment has carried out a similar analysis using 432 pb −1 of 1996-2006 data [13]. The results are also shown in Table 1 . At P X T > 25 GeV the number of data events observed by ZEUS is in agreement with the SM expectation in both e + p and e − p. A detailed comparison between efficiencies of the H1 and ZEUS detectors for the W signal was performed. Both efficiencies are comparable in the central region, while H1 detection region extends to lower polar angle than ZEUS. Nevertheless most of the high P X T events observed by H1 are lie within the range of the ZEUS acceptance.
The analysis of the tau decay channel is also performed by H1 on all HERA data with a total luminosity of 471 pb −1 . In this channel, the separation of the W signal from other SM processes is more difficult and the purity and efficiency are lower than for the e and µ channels. In total 20 data events are observed compared to a SM ex-pectation of 19.5 ± 3.2. One of the data events has P X T above 25 GeV, compared to a SM expectation of 0.99 ± 0.13. 
Multi-lepton events
Multi-lepton production has also been studied at HERA. Here the main production mechanism is photon-photon collisions. All event topologies with high P T electrons and muons have been investigated by the H1 experiment using a total luminosity of 459 pb −1 [14] . The measured yields of di-lepton and tri-lepton events are in good agreement with the SM prediction, except in the tail of the distribution of the scalar sum of P T of the leptons ( P T ). In e + p collisions, 4 data events are observed with P T > 100 GeV compared to a SM prediction of 1.2 ± 0.2. No such events are observed in e − p collisions for a similar SM expectation of 0.8 ± 0.2.
The analysis of ee and eee topologies is also carried out by ZEUS using 446 pb −1 of data [15] . In this analysis, the SM contribution at high invariant mass in the di-electron channel is dominated by Compton background due to a more difficult e/γ separation in the ZEUS detector. Nevertheless 5 and 1 events with a high invariant mass above 100 GeV are observed in ee and eee channels, respectively. This observation is in good agreement with the corresponding SM expectations of 3.4 
A general search for new phenomena
In a more general way, a broad range signature based search has been developed by the H1 Collaboration [16] . The same analysis is now applied to all HERA II data [17] and all final states containing at least two objects (e, µ, j, γ, ν) with P T > 20 GeV in the polar angle range 10
• < θ < 140
• have been investigated. The observed and predicted yields in each channel are presented in Figure 5 (a) and (b) for e + p and e − p collisions, respectively. The good agreement observed between data and SM prediction demonstrates the good understanding of the detector and of the contributions of the SM backgrounds. A systematic scan of M all and P T distributions in each channel has been performed to look for regions of largest deviations to the SM. A statistical analysis is then used to quantify the significance of observed deviations. The largest deviation is observed in e + p data in the µ-j-ν channel which corresponds to the topology of isolated lepton events.
Conclusions
The most recent results of searches for new physics performed at the HERA ep collider have been presented. Most of the analyses fully exploit the complete data sample available which amounts to ∼ 0.5 fb −1 per experiment. HERA appears to be very well suited to search for new phenomena in specific cases, complementary to stringent bounds set at LEP and the Tevatron. Nevertheless, no convincing evidence for the existence of new phenomena has been observed so far. Among all event topologies investigated, the largest deviation to the SM expectation is observed by the H1 experiment for isolated lepton events in e + p collisions only. After having analysed all data recorded by H1, this deviation corresponds to a 3 σ excess of atypical W -like events.
